Abstract: Benzylation of N-(4-chlorophenyl)-2-phenylacetamide with benzyl chloride in the presence of powdered potassium hydroxide under various reaction conditions was performed in order to establish the possible reaction products. Different temperatures and ratios of reactants and solvents were used. The reactions were also carried out in the presence of different phase-transfer catalysts in toluene as a solvent. The formation of the reaction products was followed using gas chromatography. On the basis of the obtained results, the reactivity and the orientation in the alkylation reaction of the investigated amide is discussed.
INTRODUCTION
Alkylation reactions have been widely studied and the results contribute significantly to our understanding of the nucleophilic properties of the amide moiety. N-alkylation of primary and secondary amides has been practiced for decades, both in the presence of stoichiometric amounts of strong bases or under phase-transfer conditions. The transformation is useful in the preparation of various N-substituted amides and amines. C-alkylation of amides has also been employed in the construction of carbon skeletons. 1 Alkylations of N-monosubstituted 2-phenylacetamides are of interest due to their structural similarity to the lateral chain of benzylpenicillin. 2 Also, different N-substituted and N,N-disubstituted 2-phenylacetamides possess pesticidal and herbicidal activity. 3 Greater control over the alkylation site can be exercized under alkaline conditions than is possible under neutral or acid conditions. Also, the alkaline reactions are more useful from a synthetic standpoint. It has been shown that when a N-substituted phenylacetamide is alkylated under basic conditions, an anion or dianion is initially formed due to the acidity of the nitrogen atom hydrogen and of the a C=O -carbon hydrogen. This provides the possiblity for the formation of different alkylation products (Scheme 1). 1 In our study of the alkylation reaction of 2-phenylacetamides under basic conditions, different systems were used as reaction models. At the beginning, N-ethyl-2-phenylacetamide was alkylated under phase-transfer conditions using ethyl bromide, 4 n-butyl bromide, 5 allyl bromide 6 and benzyl bromide. 7 When ethyl bromide was used, the N-alkylation product was the only product at 60 ºC after 2.5 h. 4 With n-butyl bromide, besides the N-product, the C-product was also detected. 5 Under the same conditions, alkylation of N-ethyl-2-phenylacetamide with allyl and benzyl bromide led to the formation of N-, Cand C,N-product of alkylation. 6, 7 N-ethyl, N-n-butyl, N-i-butyl, N-t-butyl, N-cyclohexyl and N-phenyl-2-phenylacetamides were alkylated under the same conditions (PTC/OH) with ethyl bromide. 8 It was shown that the structure of the starting N-substituted 2-phenylacetamide determines the reactivity and the orientation in N-and O-alkylations.
N-ethyl, 7 N-phenyl 9 and N-benzyl-2-phenylacetamides 10 were alkylated with benzyl chloride under basic conditions, both with and without a phase-transfer catalyst. The reactivity of the starting amides in the alkylation reaction was established to be:
Recently, the benzylation of N-(4-nitrophenyl)-2-phenylacetamide 11 under basic condition was reported. It was found that N-(4-nitrophenyl)-2-phenylacetamide is, at 60 ºC in toluene, hexane and isooctane, more reactive, but less selective than N-phenyl-2-phenylacetamide.
In this paper, a study of the benzylation of N-(4-chlorophenyl)-2-phenylacetamide with benzyl chloride in the presence of powdered potassium hydroxide at different temperatures and ratios of reactants and solvents is reported. The reactions were also carried out in the presence of different phase-transfer catalysts in toluene at 60 ºC and at reflux temperature. The alkylation reaction of N-(4-chlorophenyl)-2-phenylacetamide was followed using gas chromatography. For the study of the reaction and in order to perform GC analysis, the starting amide as well as the N-, C-and O-products of alkylation were synthesized. On the basis of the obtained results, the reactivity and the orientation of the investigated amide in the alkylation reaction are discussed. 
RESULTS AND DISCUSSION
In order to study the alkylation of N-(4-chlorophenyl)-2-phenylacetamide (CPA) with benzyl chloride in the presence of powdered potassium hydroxide, it was necessary to synthesize the starting amide as well as the expected products of alkylation. On the basis of expectations, the N-(1), O-(2) and C-product (3) of alkylation, i.e., N-benzyl-N-(4-chlorophenyl)-2-phenylacetamide (1), the benzyl ester of phenylacetic acid, since the O-product (2) (iminoether) in contact with water gives an ester, and N-(4-chlorophenyl)-2,3-diphenylpropanamide (3) were synthesized. The structures of the starting amide and the expected products of alkylation under basic conditions are given in Scheme 2.
N-(4-Chlorophenyl)-2-phenylacetamide was alkylated with benzyl chloride in the presence of powdered potassium hydroxide in a solid-liquid system. The reactions were performed at 60 ºC and at reflux temperature in different solvents (Table I) . At 60 ºC, with equimolar amounts of reactants, in nonpolar solvents, such as hexane and isooctane, the reactivity of the starting amide is up to 56.17 %. When toluene, as a slightly polar solvent, was used under the same conditions, the observed reactivity was almost the same (56.91 %). In DMSO, a polar solvent, the reactivity of CPA is increased up to 73. Table I ).
crease in reactivity can be explained by the basicity of the solvent, which promotes the formation of reactive anions, organic as well as inorganic. Dioxane, which is more polar and more basic than hydrocarbonic solvents but less polar and less basic than DMSO promotes the reaction to a very small extent (10.68 %) and presents the poorest solvent for the reaction. This observation is in agreement with previous results. 9-11 Increasing the reaction temperature increases the reactivity of the starting amide if the reaction proceeds with equimolar amounts of reactants. Increasing the initial amount of benzyl chloride at reflux temperature does not increase the reactivity, but increasing the initial amounts of both potassium hydroxide and benzyl chloride inreases the reactivity to almost 100 %.
As far as the orientation of the benzylation reaction of CPA is concerned, it can be observed from Table I that under all the studied experimental conditions the N-product was the main product. The N-product was the only product at 60 ºC in hexane, isooctane and toluene. At reflux temperature in toluene, because of the increased reactivity of the starting amide, traces of the O-product were formed.
The highest reactivity in DMSO at 60 ºC led to the highest yield of the N-product in comparison to other solvents. On the other hand, the selectivity is lower in DMSO since besides the N-product, O-and C-products were also formed.
It would be expected that CPA should be more reactive than PPA since the inductive effect resulting because chlorine is an electron-acceptor favours the formation of the corresponding anion which then reacts with benzyl chloride. This is true for the reactions at 60 ºC (Table II) . At reflux temperature, the reactivity, especially in the presence of higher initial amounts of potassium hydroxide and benzyl chloride, is almost the same. On the other hand, at 60 ºC NPA is more reactive than PPA but less reactive than CPA. The NPA anion should be formed easier than the CPA anion, but it seems that the CPA anion reacts faster due to the delocalization of the negative charge in the NPA anion and also the positive resonance effect of the chlorine atom, which both influence the nucleophilicity of the reacting anions. When SPA is alkylated under basic conditions, an anion is formed first (equal amount of base and amide) (Scheme 1). The formed anion then participates in the substitution reaction with an alkyl halide. From the obtained results it can be concluded that the reactivities of the investigated SPAs are influenced by the reactivity of the formed anion (rate determining step or slow step) rather than its formation (fast step).
The selectivity of CPA in the reaction of benzylation is higher than that of NPA, 11 and the same as that of PPA. 9 When PPA or CPA react, the most nucleophilic site in the molecule is the nitrogen atom. However, the nitrogen atom in NPA is less nucleophilic due to resonance stabilization and thus other reactive centers, such as the a-carbon and oxygen are favored, which leads to a less selective alkylation.
The used phase-transfer catalysts catalyze the reaction of alkylation in all the investigated systems by increasing the reactivity of the starting CPA. At higher temperatures (reflux temperatures), the reactivity of CPA and the yield of the products of alkylation are almost the same as at 60 ºC. Basides the N-product, the O-product was also formed (Table  III) . The O-product is the kinetic product while the N-product is the thermodynamic product of alkylation. 12 The O-product is formed to a smaller extent also because it rearranges to the more stable N-product, which is the main product of alkylation (Scheme 3). The order of the influence of the counter ions in the TBA series on the reactivity is Cl > Br > I > HSO 4 .
It is very hard to discuss the mechanism of the phase-transfer catalysed reaction of alkylation on the basis of the obtained results since according to the rules proposed by Rabinowitz et al. 13 TBABr is a slightly better catalyst than TEABr which leads to the conclusion that the reaction proceeds by the extraction mechanism. On the other hand, TEBABr is an even better catalyst than TBABr, and TEBABr is a catalyst which operates well in reactions which proceed by the interfacial mechanism. 13 Of the studied catalysts, TBACl and TBABr were the best for the investigated reaction. N-Benzyl-4-chloroaniline was obtained by alkylation of the corresponding 4-chloroaniline with benzyl chloride in the presence of NaHCO 3 and TEBABr using the following procedure: 0.1 mol of 4-chloroaniline, 62.5 mmol of NaHCO 3 , 5 mmol of TEBABr and 7.5 ml of water were mixed and heated in a boiling water bath. Then 50 mmol of benzyl chloride was added dropwise to the stirred mixture. After 5 h of heating and stirring, the reaction mixture was cooled to room temperature and water was added. The layers were separated and the aqueous layer extracted with diethyl ether. The organic layers were combined, dried over anhydrous sodium sulphate and product isolated by distillation: 2,3-Diphenylpropanoyl chloride was synthesized by the reaction of 2,3-diphenylpropanoic acid and thionyl chloride. 9,14 2,3-Diphenylpropanoic acid was obtained by the hydrolysis of 2,3-diphenylpropanenitrile, which was obtained by the reaction of phenylacetonitrile and benzyl chloride. 9, 15 The benzyl ester of PAA was prepared from benzyl chloride and phenylacetic acid, in the presence of 40 % sodium hydroxide and tetrabutylammonium hydrogensulfate. 9 The other materials were obtained commercially.
Methods
Typical procedure for benzylation of CPA. A mixture of powdered KOH (5 mmol), CPA (5 mmol), benzyl chloride (5 mmol), PTC catalyst if used (0.5 mmol), and solvent (10 ml) was stirred at 600 rpm in a three-necked glass reactor equipped with a condenser, magnetic stirrer (Janke-Kunkel, model IKAMAG RET-G) and an ultra thermostat (± 0.1 ºC) at 60 ºC for 4 h. The reaction was stopped by the addition of water (25 ml), the layers were separated and the water layer extracted with methylene chloride (25 ml). Samples were analysed by GC on an OV-1 packed column (Varian 1440 (FID) with a Varian integrator 4270) using an internal standard.
All given results were obtained from at least two experiments.
Acknowledgment:
The authors are grateful to the Ministry of Science, Technology and Development of Serbia for financial support (Project 1694). N-(4-hlorfenil)-2-fenilacetamid je alkilovan benzil-hloridom u razli~itim rastvara~ima u prisustvu spra{enog kalijum-hidroksida na razli~itim temperaturama. Reakcije su izvo|ene u prisustvu razli~itih me|ufaznih katalizatora kao i bez katalizatora u ciqu ispitivawa uticaja reakcionih uslova na reaktivnost i orijentaciju reakcije alkilovawa ispitivanog jediwewa. 
Abbreviations

